At present, the economic development in Hubei Province has initially entered new era of "one principal two deputy, multi-polar development". In order to further explore the future of urban development, we ranked prefecture cities in Hubei Provinces with the intensity model of central place function. Meanwhile, according to 32 selected indicators, we investigated the economic linkage between these cities with improved gravity model and principal component analysis model. Our results show that: 1) Regarding intensity value of central city z = 2, 0.9, 0.6 as the boundary, 12 cities can be divided into four levels with Wuhan in level 1; Yichang, Xiangyang and Jingzhou in level 2; Huangshi, Shiyan, Jingmen, Xiaogan, Huanggang, Xianning in level 3; the remaining cities in level 4, respectively. 2) According to the economic linkage value, the economic linkages between cities are classified into three levels: closely related, generally related and weakly related. Among them, the generally related and weakly related linkages are most likely caused by the cities' own economic development structure or their long geographical distance from the economic central city.
Introduction
In recent years, along with the continuous development of economic globalization, the mode of regional economic integration and urban agglomeration has Open Access Library Journal Hubei Province is located in the "waist of the Yangtze River" and plays a decisive role in the construction of urban agglomerations in the mid-Yangtze.
Moreover, as the only mega-city in the central region, Wuhan, the capital of Hubei Province, its economic linkages with other cities in the province play a decisive role in the economic development of Hubei Province and will have a huge impact on the economic development of urban agglomerations in the mid-Yangtze. It can be concluded that at present, China implements the strategy of the Yangtze River Economic Belt and vigorously promotes the urban agglomeration in the mid-Yangtze, which is the most precious opportunity for the future development of Hubei province. Hubei should seize the opportunity, take Wuhan as the core competence to promote the economic development coordination of all the cities and further strengthen the economic linkages with each other, so as to enhance the competitiveness and importance of Hubei province in the national even the international economic environment.
Literature Review
The essence of urban economic linkage is to promote the economic links between cities through the mutual circulation of resources such as people, things and information between cities. The measurement of economic linkages between cities is to measure the closeness of economic linkages between cities through various quantifiable indicators. The related research of regional economic linkages has been a hot research topic in the western countries which have developed urban agglomeration. Starting from using gravitation models to do quantitative analysis of regional spatial linkages (WJ Reilly, 1929), foreign experts and scholars continuously explore quantitative analysis of regional spatial linkages, making the theory of urban economic linkages measurement theory continuously enriched and improved. After WJ Reilly, some scholars applied the law of universal gravitation to the study of urban agglomeration (GK Zipf, 1942) or used the theory of break point to calculate the interaction between city and region based on gravitational model (PD Converse, 1949) . Some applied the input-output measurement model to measure the regional economic spatial linkage (Walter Isard, 1951) . The measurement scope is not only limited to the regional spatial economic linkage, but also gradually expands to the aspect of city's functional linkage and the outward service. Open Access Library Journal Domestic research on urban economic relations started later, and initial research was limited to qualitative analysis. Until 1990, the mathematical measurement model was applied. For the specific model, the current domestic scholars mainly use the gravity model proposed by WJ Reilly or improve the gravity model and interval input-output model, or use social network analysis, geo-economic linkage matching analysis and other methods to measure. And because the reform and opening-up policy of China is a process from the coast to the inland as well as from the point to the surface, the urban agglomerations in the eastern coastal areas are more mature and their economic linkages are closer. Therefore, studies of most of the scholars are related to area of eastern coast. Le Zhang, Yongjun Ma (2013), Xiangjun Ou and Liping Xue et al. (2015) respectively analyzed the spatial linkage of urban space in Zhejiang and Jiangsu Provinces by using gravity model and social network model. They analyzed the economic linkage direction, link intensity and the differences between the central cities, pointed out the direction of economic development in the two provinces [1] . Scholars such as Jinping Lu and Zhenwu Yang (2015) used the intensity model of central place function to classify the Beijing-Tianjin-Hebei urban agglomeration, and then used the improved gravitation model to measure the urban economic linkage. Finally, it explains the development differences in the integration process of Beijing-Tianjin-Hebei urban agglomeration from three aspects: diffusion of urban agglomeration, natural resource endowment and location advantages [2] . Lin Zou, Gang Zeng et al. (2015) took the Yangtze River economic belt as the research content, used social network analysis and nuclear density estimation based on the economic network model. They empirically analyzed the economic network structure, central nodes, network density and network subgroup characteristics of the Yangtze River economic belt, and proposed regional optimization suggestions for accelerating the coordinated development of the economic belt [3] . Fei Gong and Guansheng Lv (2015) measured the economic linkages between the four central cities of North Gulf in Guangxi Province from the perspective of tourism economy of developing urban agglomeration. The calculation shows that the tourism economic development in the above regions is still at a low level and regional cooperation needs to be further strengthened, thus to promote further development of the regional economy [4] .
Based on the previous studies, this paper takes 12 prefecture-level cities in Hubei province as the research content. First of all, takes the index system developed by the Urban Division of National Bureau of Statistics and the research group of urban statistics of China statistical society as reference. Secondly, establishes the index system of urban economic linkage measurement based on the evaluation indicators adopted by the above scholars, considering the quantifiability and the availability of index. Then, with the help of the intensity model of central place function, combines grading method by natural crack point to classify the city. After that, uses the principal component analysis model to evaluate the comprehensive economic intensity of 12 cities and sort them according to their scores. Finally, this paper analyzes and estimates the intensity of the eco-Open Access Library Journal nomic linkages between the 12 cities in Hubei Province and provides some suggestions for the future construction, planning and development policy of the urban agglomeration, which will further promote the urban development in the mid-Yangtze.
Establishment of Evaluation Index System of Urban
Economic Comprehensive Strength
Data Resource
In order to quantify and evaluate the economic comprehensive economic intensity of the city, the corresponding index system must be established in accordance with the principle of completeness and science. Based on the existing index system, this paper chooses a comprehensive index system of urban economic development including human resources, economic resources, social development resources, infrastructure resources and ecological protection resources.
Human resources are the most active and valuable resources for urban development. People are both the main body of social wealth and the main driving force for maintaining social progress. The population as well as the quality and structure of the population will have far-reaching and direct influence for a city.
Therefore, five indicators are selected for human resources: Year-end Population, natural population growth rate, the proportion of registered unemployed population in the total population in urban areas, the proportion of tertiary industry employees in the total population, the population density.
Economic resources are important aspects that directly reflect the current strength of cities as well as the closeness of spatial relationships with other cities.
The current economic scale and economic structure will have a significant im- Infrastructure construction not only provides more superior hardware conditions and external environment for the development of urban economy, but also is an important aspect of a city in attracting foreign talents. Furthermore, it relates to the direct interests of the residents living condition in the city. Therefore, eight indicators are selected for the infrastructure resources: the length of drainage pipes, the total water supply, the total social electricity consumption, the number of cars owned by each 10,000 people, the urban road area per capita.
The ecological protection resource is the basis for maintaining a city, it provides the most basic place and material resources. Good ecological system is the most fundamental guarantee for the sustainable development of a city. In the process of urban construction and development, we should not only pay attention to the indicators that reduce the damage to the ecological environment, but also focus on the indicators that are conducive to improve the ecological system.
Therefore, four indicators are selected for ecological protection resources: green coverage rate of built-up area, utilization of general industrial solid waste, centralized treatment rate of sewage treatment plant, harmless treatment of household garbage [5] . To sum up, the paper establishes an indicator system of urban economic relations that includes 32 specific indicators in five major development areas. The specific indicators are shown in Table 1 .
Data Selection and Pre-Processing
As the 32 indicators belong to 5 different aspects, the dimensions of the indicators are not uniform, and their promotion effects on urban development are also different, so the indicators need to be treated in a non-dimensional method. For the conventional positive and negative indicators, this paper standardize them by using the extreme value, it can be seen in the formula 1:
where i
x is the value of index i. However, for the neutral indexes like natural population growth rate and the population density, obviously, it is not it is impossible to standardize them directly by using the above formula. So they need to be transformed respectively. Examining the authoritative information we know that: at present, in order to maintain the sustainable development of the population in our country, under the precondition of opening the two-child per family policy, the natural growth rate of our country's population should be maintained at about 5.5%. Meanwhile, for the population density, the common international standard 500 2 people km is relatively reasonable. Therefore, the method of dealing with the neutral index in this paper is as follows: Taking the common policy as the optimal standard, calculate the absolute value of the difference between each index of the 12 cities and the optimal standard. The smaller the absolute value of the difference is, the better the value is. Therefore, 
Application of Intensity Model-Classification of Cities
The development of regional economy will inevitably have differentiated cha- Population (n 1 ), the proportion of tertiary industry employees in the total population (n 2 ), GDP (n 3 ), Total retail sales of social consumer goods (n 4 ), number of college students per 10,000 people (n 5 ), the total social electricity consumption (n 6 ), green coverage rate of built-up area (n 7 ). The calculation method is shown in Equation (1):
Sum up the number of functions and calculate the arithmetic average value of each city, that is the intensity value Z of central function, as shown in Equation (2): ( ) 
According to formulas (1) and (2), we can calculate the intensity value of 12 prefecture cities in Hubei Province. The evaluation principle is: As each indicator is a positive indicator, so in this paper, the value of the central function is also a positive value. That is, the larger the value is, the more city functions are undertaken by the city in the province and the more prominent the center is. At Table 2 .
The functional intensity and hierarchy of 12 prefecture cities in Hubei Province are shown in Table 2 . It can be concluded from Table 2: 1) Due to its unique geographical location and political advantages, Wuhan plays an absolutely central leading role in the province. Its value is much higher than other cities, indicating that the development of Wuhan has strong economic radiation and is dominant in the process of economic development in Hubei Province;
2) Wuhan has the highest intensity value, followed closely by Yichang, Xiangyang and Jingzhou. Although there is still a big gap between wuhan and these three cities, they also have a distinct central advantages and the driving force compared with other cities, indicating that these three cities have important positions that can not be ignored in the urban development process.
3) Compared with the cities of first two levels, the intensity of central place function in Huangshi, Shiyan, Jingmen, Xiaogan, Huanggang and Xianning is not dominant, but each city has its unique development path. They have their own characteristics during the regional economic development, but the Open Access Library Journal place is weak and the driving effect on the regional economy is not obvious. The economic influence in the whole province is also relatively small.
Comprehensive Evaluation of Urban Economy Development and Measurement of Economic Linkages

Evaluation of Overall Strength of Urban Economy Development
The calculation of the economic connection between cities must be based on the Table 3 .
From Table 4 , we can see that in accordance with the principle that the initial Finally, taking the variance contribution of each principal component factor as a coefficient (As shown in Equation (3)), calculate the economic comprehensive strength of each city, and the result is shown in 
where Y is the comprehensive score of the final economic strength of each city, 1
Measurement of Urban Economic Linkages
In order to measure the economic linkages between cities, this paper introduces the gravitation model of the predecessor [6] . The calculation method is shown in formula (4):
where ij R denotes the economic attractiveness of city i to city j , i p and The formula is derived from Newton's formula of universal gravitation and can be used to measure the economic linkage between the two regions. However, since the above formula do not consider the situation that there is a big difference between the development bases and development conditions of cities, the formulas need to be amended. Therefore, when we calculate the economic linkage between the two cities, appropriate weigh ij k ( )
given. Taking the respective economic comprehensive strengths of the two cities as their weights, the actual economic linkage between the two cities can be better Open Access Library Journal reflected. Because each index in the formula is converted into non-dimensional variable, the meaning represented by the numerical values of each index only indicates the degree of superiority and inferiority, not the optimal value of the actual distance, and non-dimensional variable can be compared horizontally and vertically. Therefore, the economic connection between cities can be calculated.
Finally, the revised method of calculating economic linkages value is shown in formula (5):
Finally, take the original data of the total population at the end of each year, the score of economic comprehensive strength and the actual geographical distance of the cities (the geographical distance between cities takes the linear distance between Municipal Governments as the standard) into formula (5). Calculate the economic linkages between 12 prefecture cities in Hubei Province, the economic linkage value is consistent with the evaluation principle of the functional strength of the city center that the economic linkage value between cities is also a positive indicator, while the larger the value is, the closer the economic linkage between the two cities is the specific results are shown in Table 5 :
It can be seen from Table 5 that there is a great difference between the economic linkages among cities. In order to facilitate the analysis, the degree of economic linkage is divided into 3 levels: 
Conclusion
The economic development of cities in the coastal provinces of China is relatively balanced due to the support of the state policy and its exploration development mode from point to area. However, in the central and western inland provinces, political, economic, cultural and other social resources are highly concentrated in capital cities due to historical traditions. This has often results in the monopoly of a city in one province. Through the above research, we can see that in the economic development of Hubei Province, Wuhan not only is the central city, but also maintains strong economic linkages with the other cities in the province. Exhausting the power of the whole province to build capital cities is not only detrimental to the sustainable development of the regional economy but also undermines the economic development of other cities in the province.
Therefore, it is necessary to scientifically formulate plans for economic development, coordinate the economic development among cities and make the economic development of cities in the provinces have their unique path and characteristics. Only coordinated development of all the cities, can we promote the
